Acylation of subtilisin A by aryl esters: contribution to rate limitation by a physical step preceding general acid-base catalysis.
The specificity ratios kc/Km = k for subtilisin A catalyzed hydrolysis of five aryl esters of N-(methoxycarbonyl)-L-Phe (McPhe) were determined at pH 7.03 and its pD equivalent. The ratios are independent of the electronic properties of the leaving group substituent. Kinetic solvent isotope effects, Dk, increase from about 0.9 to 1.3 as leaving group ability decreases from p-nitrophenolate to p-methoxyphenolate. The k of N-(methoxycarbonyl)-L-phenylalanine p-nitrophenyl ester (NPE) with native enzyme exhibits a strong temperature dependence; delta H* = 87 +/- 3 kJ mol-1 and delta S* = 148 +/- 14 J K-1 mol-1 at 25 degrees C (H2O). The Dk with this substrate is 1.36 at 13.6 degrees C, declines to 0.89 at 25 degrees C, and then increases to 1.04 at 39.4 degrees C. Above neutral pH(D), with McPhe NPE as substrate, the dependence of k is for the dissociated form of a single base of pKapp = 7.38 +/- 0.03 in H2O and 7.67 +/- 0.03 in D2O. The pKapp values are apparently those of the uncomplexed native protein. By contrast, k of 3-phenylpropanoic acid (Prop) p-nitrophenyl ester exhibits a weaker temperature dependence; delta H* = 20 kJ mol-1 and delta S* = -90 J K-1 mol-1 (H2O) at 25 degrees C. The Dk are larger than those for McPhe NPE, decreasing from 1.99 at 20.5 degrees C to 1.74 at 46.1 degrees C. These results, combined with those of previous studies, are consistent with limitation of k by at least two processes.(ABSTRACT TRUNCATED AT 250 WORDS)